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(57)Abstract: 

PROBLEM TO BE SOLVED: To enable to operate in good condition the 
phosphoric acid fuel cell in low temperature without using additional 
equipment. 

SOLUTION: In operating the phosphoric acid fuel cell 10 under the 
condition in which the reaction formed water exists in liquid state, the 
operating condition is established so that the phosphoric acid 
concentration, in which the quantity of the reaction formed water lowering 
the phosphoric acid concentration and the quantity of the water vaporizing 
from the phosphoric acid are equalized, becomes same or higher than the 
standard phosphoric acid concentration in which it can maintain the desired 
performance. Specifically, a gas flow control system 84, 84a, a gas 
temperature control system 86, 86a and a pressure control system 90, 90a 
are controlled as required by the equalizing phosphoric acid concentration 
setting system 92, and the performance deterioration and generation 
performance degradation of the phosphoric acid fuel cell are effectively 
avoided. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation, 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It has a zygote which consists of an anode lateral electrode and a cathode lateral electrode on both sides of an 
electrolyte to which impregnation of the phosphoric acid was carried out. While supplying fuel gas to said anode lateral 
electrode through fuel gas passage It is the operating method of a phosphoric acid fiiel cell which supplies oxidizer gas 
to said cathode lateral electrode through an oxidizer gas passageway. Phosphoric-acid concentration at the time of an 
amount of said produced water to which phosphoric-acid concentration is reduced, and an amount of water which 
evaporates out of a phosphoric acid balancing, in case it operates under conditions in which produced water exists as 
liquefied water An operating method of a phosphoric acid fuel cell characterized by setting up operating conditions so 
that it may become more than criteria phosphoric-acid concentration which can maintain desired engine performance. 
[Claim 2] An operating method of a phosphoric acid fuel cell characterized by controlling said phosphoric-acid 
concentration in an operating method according to claim 1 more than said criteria phosphoric-acid concentration by 
setting up a fuel gas utilization factor and a rate of oxidizer gas utilization. 

[Claim 3] An operating method of a phosphoric acid fuel cell characterized by controlling said phosphoric-acid 
concentration in an operating method according to claim 1 or 2 more than said criteria phosphoric-acid concentration by 
setting up operating pressure by the side of said fuel gas, and operating pressure by the side of said oxidizer gas. 
[Claim 4] An operating method of a phosphoric acid fuel cell characterized by controlling said phosphoric-acid 
concentration in an operating method given in claim 1 thru/or any 1 term of 3 more than said criteria phosphoric-acid 
concentration by setting temperature by the side of said fuel gas, and temperature by the side of said oxidizer gas as an 
elevated temperature rather than an operating temperature. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] While this invention has the zygote which consists of an anode lateral 
electrode and a cathode lateral electrode on both sides of the electrolyte to which impregnation of the phosphoric acid 
was carried out and supplies fuel gas to said anode lateral electrode through a fuel gas supply system, it relates to the 
operating method of the phosphoric acid fuel cell which supplies oxidizer gas to said cathode lateral electrode through 
an oxidizer gas supply system. 
[0002] 

[Description of the Prior Art] The phosphoric acid fuel cell (PAFC) which is one gestalt of a fuel cell The phosphoric 
acid which is a liquid electrolyte on for example, both sides of the electrolyte matrix layer which carried out 
impregnation to poly membranes, such as polybenzimidazole The anode lateral electrode and cathode lateral electrode 
which make carbon a subject, respectively an opposite the electrolyte and electrode zygote **(ed) and constituted It has 
the generation-of-electrical-energy eel (unit fuel cell eel) constituted by pinching with a separator (bipolar board), and 
only a predetermined number carries out the laminating of this generation-of-electrical-energy eel, and is usually using 
it as a fiiel cell stack. 

[0003] In this kind of fuel cell, hydrogen is ionized on a catalyst electrode and the fuel gas supplied to the anode lateral 
electrode, for example, the gas which mainly contains hydrogen, (hydrogen content gas) moves to a cathode lateral 
electrode side through an electrolyte. The electron produced in the meantime is taken out by the external circuit, and is 
used as electrical energy of a direct current. In addition, since oxidizer gas, for example, the gas which mainly contains 
oxygen, or air (oxygen content gas) is supplied, a hydrogen ion, an electron, and oxygen react in this cathode lateral 
electrode, and water is generated by the cathode lateral electrode. 

[0004] In the above-mentioned phosphoric acid fuel cell, the operating temperature is comparatively set as the elevated 
temperature (before or after 120 degrees C - 190 degrees C), and generally, said phosphoric acid fuel cell is warmed 
using heating means, such as a heater, until it results in steady operation. And after temperature up of this phosphoric 
acid fuel cell is carried out to 100 degrees C or more of abbreviation, it carries out temperature up to 120 degrees C - 
190 degrees C by operating said phosphoric acid fuel cell using the self-pyrexia accompanying a generation of electrical 
energy. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, while the ratio in which the produced water accompanying a 
generation of electrical energy of a phosphoric acid fuel cell exists as liquefied water becomes high like [ at the time of 
a start up ] in the bottom of a comparatively low temperature of less than 100 degrees C, it has been [ steam ] hard 
coming-izing [ this liquefied water ]. For this reason, the liquefied water with which liquefied water reduces the 
concentration of a phosphoric acid, makes the amount of phosphoric acids increase, and exceeds the amount which can 
be accumulated in an anode lateral electrode and a cathode lateral electrode will exist. 
[0006] Thus, if a phosphoric acid overflows into an anode lateral electrode and a cathode lateral electrode, the 
phosphoric acid currently held in the electrolyte matrix layer will flow out, and this phosphoric acid that flowed out will 
be discharged by the exterior of the main part of a phosphoric acid fuel cell through fuel gas passage and an oxidizer gas 
passageway. When it is made to reboot by this after suspending operation of a phosphoric acid fuel cell, the cell engine 
performance cannot maintain the initial engine performance, but the problem that degradation is caused is pointed out. 
[0007] furthermore, if a phosphoric acid overflows into an anode lateral electrode and a cathode lateral electrode, the 
activity of the catalyst which has the function to promote a reaction required for a generation of electrical energy falls, 
or fuel gas passage and an oxidizer gas passageway blockade - having — reactant gas (fuel gas and/or oxidizer gas) — 
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circulating - being hard - there is a problem that the generation-of-electrical-energy engine performance falls. 
[0008] Then, although it is possible to use the phosphoric-acid makeup equipment according to individual in order to 
improve the performance degradation accompanying runoff of a phosphoric acid, there is a problem that the whole fuel 
cell system will be enlarged. 

[0009] Moreover, in order to carry out temperature up of the phosphoric acid fuel cell promptly to 100 degrees C or 
more, it is possible to use a large-sized heater, but similarly, while the whole fuel cell system is enlarged, the problem of 
not being economical is pointed out. 

[0010] This invention does not solve this kind of problem, and equipment is not enlarged, and it is an easy configuration 
and control and aims at offering the operating method of the phosphoric acid fuel cell which can prevent the degradation 
by produced water certainly. 
[0011] 

[Means for Solving the Problem] In an operating method of a phosphoric acid fuel cell concerning this invention, in 
case it operates under conditions in which produced water exists as liquefied water, operating conditions are set up so 
that phosphoric-acid concentration at the time of an amount of said produced water to which phosphoric-acid 
concentration is reduced, and an amount of water which evaporates out of a phosphoric acid balancing may become 
more than criteria phosphoric-acid concentration which can maintain desired engine performance. 
[0012] Usually, a phosphoric acid used for a phosphoric acid fuel cell carries out melting of 5 oxidation 2 Lynn to 
water, especially a high-concentration phosphoric acid used for a phosphoric acid fuel cell has high hygroscopicity, and 
it tends [ very ] to mix it with water. In this case, although steamy components of a phosphoric acid are 5 oxidation 2 
Lynn (accuracy dimer) and water, vapor pressure of 5 oxidation 2 Lynn is very low to near 200 degree C. For this 
reason, although a steamy component of a phosphoric acid is ****, vapor pressure of a phosphoric acid differs from 
vapor pressure of water. 

[0013] Temperature of a phosphoric acid and relation of maximum vapor tension to phosphoric-acid concentration are 
shown in a diagram of drawing 1 , and, specifically, a diagram of 0% of phosphoric-acid concentration in drawin g 1 is 
equivalent to a maximum-vapor-tension diagram of water. Thereby, while water in a phosphoric acid becomes easy to 
evaporate so that phosphoric-acid concentration is low, it has stopped easily maximum vapor tension of a phosphoric 
acid changing with phosphoric-acid concentration a lot, and being able to evaporate, so that phosphoric-acid 
concentration is high. 

[0014] In a phosphoric acid fuel cell, in the time of low temperature like [ at the time of starting ], or low-power output 
operational status, when temperature of said phosphoric acid fuel cell usually falls rather than operating temperature 
(before or after 120 degrees C - 190 degrees C), a vapor rate of water in a phosphoric acid becomes slow, and will be in 
a condition with many amounts of generation water from an amount of evaporating water. Therefore, while phosphoric- 
acid concentration in an electrolyte and an electrode zygote becomes low, maximum vapor tension of a phosphoric acid 
becomes high, and water becomes easy to evaporate. 

[0015] For this reason, an amount of generation water in which phosphoric-acid concentration falls to according to an 
amount of generation water, and phosphoric-acid concentration is reduced at a certain event, and an amount of water 
which evaporates out of a phosphoric acid reach a balance. In this condition, the amount of phosphoric acids is 
increasing, and when it increases more than the amount of phosphoric acids in which this amount of phosphoric acids is 
stored in an electrolyte and an electrode zygote, there is a possibility that a phosphoric acid may be discharged by the 
exterior of a phosphoric acid fuel cell from fuel gas passage and an oxidizer gas passageway, and performance 
degradation may arise. 

[0016] If operating conditions are set up so that phosphoric-acid concentration at the time of an amount of produced 
water to which phosphoric-acid concentration is reduced, and an amount of water which evaporates out of a phosphoric 
acid balancing by this may become more than criteria phosphoric-acid concentration which deterioration of engine 
performance including generation-of-electrical-energy engine performance does not produce, even if it is the case that 
temperature of a phosphoric acid fuel cell is low, performance degradation will not be caused and an efficient generation 
of electrical energy will become executable. 

[0017] Moreover, phosphoric-acid concentration which performance degradation does not produce is influenced by an 
internal configuration, a size, etc. in an electrolyte and an electrode zygote, and is the thing of a proper at the phosphoric 
acid fuel cell. Therefore, it is necessary to set up beforehand experimentally phosphoric-acid concentration which can 
maintain desired engine performance. 

[0018] The amount m (mol/min) of water in which an active electrode area reduces an amount of water generated by per 
unit time amount when it is S (cm2), i.e., concentration of a phosphoric acid, by I (A/cm2) has fixed programmed- 
current density of operating conditions regardless of the fuel gas utilization factor ra (%) and the rate rc of oxidizer gas 
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utilization (%), and it asks by the following (1) type. 

[0019] 

[Equation 1] 

m = IxSx (1) 

96500x2 w 

[0020] Ta** and oxidizer gas temperature Next, Tc**, [ an operating temperature ] [ T degrees C and fuel gas 
temperature ] Pa (kPa) and oxidizer side operating pressure Pc (kPa), [ fuel gas side operating pressure ] The supply 
flow rate (fuel gas flow rate) of fuel gas fa (normal 1/min) (However, normal 1/min is 0 degree C which is reference 
condition, and the flow rate converted into latm) The supply flow rate (oxidizer quantity of gas flow) of oxidizer gas fc 
(normal 1/min), The quantity of gas flow discharged from a fuel gas side fea (normal 1/min), The quantity of gas flow 
discharged from an oxidizer gas side sets to 1-a (%) the ratio which evaporates the ratio which evaporates from the 
inside of the amount of the water in which the concentration of fee (normal 1/min) and a phosphoric acid is reduced, and 
a fuel gas side from an a (%) and oxidizer gas side. 

[0021] The quantity of gas flow fea discharged from a fuel gas side is the sum with the water vapor content which 
evaporates from the inside of the flow rate of the fuel gas which was not consumed by generation of electrical energy, 
and the amount of the water in which the concentration of a phosphoric acid is reduced, and a fuel gas side (it asks from 
the following (2) types). 
[0022] 
[Equation 2] 

fea = fax +mx x22.4 \2) 

100 100 

[0023] Then, the maximum vapor tension Ps and a of the phosphoric acid in the blowdown fuel gas in the event of the 
amount of the water with which fuel gas temperature Ta** and oxidizer gas-temperature Tc** evaporate out of the 
amount of the generation water in which phosphoric-acid concentration is reduced, and a phosphoric acid when equal to 
the operating temperature of T degrees C being balancing is called for by the following (3) types. 
[0024] 
[Equation 3] 

mx — x22.4 

Ps>a= _ioo xPa 

fea 

mx~x22.4 
" lM xPa (3) 



. 100-ra ( a „ A 

fax + mx x22.4 

100 100 



[0025] On the other hand, the quantity of gas flow fee discharged from an oxidizer gas (it is air and nitrogen is 79wt 
(s)% at 21wt(s)% for oxygen) side is calculated from the following (4) types. 
[0026] 
[Equation 4] 

fee = fc x (0.21 x L22z£g + 0.79) + m x l^Zl x 2 2.4 (4) 

100 100 

[0027] Furthermore, the maximum vapor tension Ps and c of the phosphoric acid in blowdown oxidizer gas is similarly 

called for from the following (5) types. 

[0028] 

[Equation 5] 

100- a „ A 
mx— — — x22.4 

Ps,c = !? xPc 

fee 

100-a „ A 
mx x22.4 

u» -xPc < 5 ) 



- 100-rc A „ 100-a 

fcx(0.21x + 0.79) + mx x22.4 

v 100 ' 100 
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[0029] Moreover, the maximum vapor tension of a phosphoric acid and the relation of phosphoric-acid concentration 
are shown in the diagram of drawing 2 , and the phosphoric-acid concentration in the temperature of T degrees C is 
called for as a function of the maximum vapor tension of a phosphoric acid. In the fixed operating temperature of T 
degrees C, phosphoric-acid concentration is high, so that the maximum vapor tension of a phosphoric acid is low, so 
that it may be understood from drawing 2 . Therefore, it can ask for the phosphoric-acid concentration to which the 
amount of the generation water in which phosphoric-acid concentration is reduced in the operating temperature of T 
degrees C, and the amount of the water which evaporates out of a phosphoric acid are balancing using the maximum 
vapor tension Ps and a of the phosphoric acid in blowdown fuel gas, and the maximum vapor tension Ps and c of the 
phosphoric acid in oxidizer gas, respectively. 

[0030] Specifically, the maximum vapor tension Ps and a of the phosphoric acid in blowdown fuel gas is the function of 
the quantity of gas flow fea discharged from an operating pressure [ by the side of fuel gas ] Pa, and fuel gas side. The 
above-mentioned blowdown fuel gas flow rate fea is the function of the amount m of the water in which the 
concentration of a phosphoric acid is reduced, and the fuel gas utilization factor ra, and said its blowdown fuel gas flow 
rate fea increases, so that the fuel gas utilization factor ra is [ m ] low at the fixed time. Therefore, the maximum vapor 
tension Ps and a of the phosphoric acid in blowdown fuel gas becomes low, when the operating pressure Pa by the side 
of fuel gas is low, or when the fuel gas utilization factor ra is low, consequently phosphoric-acid concentration becomes 
high. 

[0031] Similarly, the maximum vapor tension Ps and c of the phosphoric acid in blowdown oxidizer gas is the function 
of 0 degree C which is the operating pressure Pc, the rate rc of oxidizer gas utilization, and reference condition by the 
side of oxidizer gas, and the oxidizer quantity of gas flow fc converted into latm. Therefore, the maximum vapor 
tension Ps and c of the phosphoric acid in blowdown oxidizer gas becomes low, when the operating pressure Pc by the 
side of oxidizer gas is low, or when the rate rc of oxidizer gas utilization is low, consequently phosphoric-acid 
concentration becomes high. 

[0032] By this by setting up the fuel gas utilization factor ra, the rate rc of oxidizer gas utilization and/or the operating 
pressure Pa by the side of fiiel gas, and the operating pressure Pc by the side of oxidizer gas The phosphoric-acid 
concentration to which the amount of the generation water in which phosphoric-acid concentration is reduced, and the 
amount of the water which evaporates out of a phosphoric acid are balancing turns into more than the criteria 
phosphoric-acid concentration that does not cause performance degradation, namely, can maintain the desired engine 
performance, and can prevent degradation certainly also in the time of low-temperature operation. 
[0033] On the other hand, phosphoric-acid concentration is called for as a function of the maximum vapor tension of a 
phosphoric acid, and temperature (refer to drawing 2 ). For this reason, if the temperature to which the amount of the 
generation water in which phosphoric-acid concentration is reduced, and the amount of the water which evaporates out 
of a phosphoric acid are balancing is highly set up when the maximum vapor tension of a phosphoric acid is fixed, it 
will become possible to make high phosphoric-acid concentration at the time of a balance. 
[0034] That is, by making fuel gas temperature Ta** and oxidizer gas-temperature Tc** higher than the operating 
temperature of T degrees C, phosphoric-acid temperature T** in the balanced interface at the time of the amount of the 
generation water in which phosphoric-acid concentration is reduced, and the amount of the water which evaporates out 
of a phosphoric acid being balancing can be made higher than the operating temperature of T degrees C, and 
phosphoric-acid concentration at the time of a balance can be made high. In addition, as for the relation between fuel 
gas temperature Ta** and oxidizer gas-temperature Tc**, and phosphoric-acid temperature T 1 ** in a balanced interface, 
it is desirable to be the thing of a proper and to ask the phosphoric acid fuel cell experimentally. 
[0035] 

[Embodiment of the Invention] Drawing 3 is configuration explanatory drawing of the phosphoric acid fuel cell 10 for 
enforcing the operating method concerning the operation gestalt of this invention, and drawing 4 is the outline block 
diagram of the fuel cell system 12 by which said phosphoric acid fuel cell 10 is incorporated. 

[0036] A phosphoric acid fuel cell 10 is equipped with an electrolyte and the electrode zygote 14, the separators 16a and 
16b that are the bipolar boards arranged to both sides of this electrolyte and electrode zygote 14, and the electrodes 18a 
and 18b for current collection arranged on the outside of said separators 16a and 16b as shown in drawing 3 . end plates 
20a and 20b are arranged, and a phosphoric acid fuel cell 10 is constituted by bolting ****** in one with the bolt which 
said end plates 20a and 20b do not illustrate on the outside of the electrodes 18a and 1 8b for current collection. 
[0037] An electrolyte and the electrode zygote 14 are equipped with the electrolyte matrix layer 22 which carried out 
impregnation of the phosphoric acid to poly membranes, such as basic polymer, for example, a polybenzimidazole film 
etc., and the anode lateral electrode 26 and the cathode lateral electrode 28 opposite- **(ed) by both sides of said 
electrolyte matrix layer 22 through the rim-of-duct-mouths-like spacer 24. 
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[0038] The fuel gas passage 30 and the oxidizer gas passageway 32 are formed in the field which counters the anode 
lateral electrode 26 and the cathode lateral electrode 28 at Separators 16a and 16b. Corresponding to the interface of the 
anode lateral electrode 26 and the cathode lateral electrode 28, two or more temperature sensors 34 are arranged at 
Separators 16a and 16b. 

[0039] As shown in drawin g 4 , the loads 36, such as a motor, are connected to the electrodes 18a and 18b for current 
collection which constitute a phosphoric acid fuel cell 10. Fuel gas supply path 44a and fuel gas blowdown path 44b 
which are open for free passage to the fuel gas passage 30, and oxidizer gas supply path 46a and oxidizer gas blowdown 
path 46b which are open for free passage to the oxidizer gas passageway 32 are connected to a phosphoric acid fuel cell 
10. 

[0040] The source 48 of hydrogen storage for supplying from the upstream the hydrogen content gas which is fuel gas 
with high voltage toward the entrance side of a phosphoric acid fuel cell 10, a solenoid valve 50, a reducing valve 52, a 
pressure sensor 54, the quantity-of-gas-flow controller 56, the isolation valve 58, the check valve 60, the heating heater 
62, and the input pressure sensor 64 are arranged at fuel gas supply path 44a. While the output-pressure sensor 66, the 
dew-point sensor 67, a heat exchanger 68, the vapor-liquid-separation machine 70, and a back-pressure valve 72 are 
arranged at fuel gas blowdown path 44b, the solenoid valve 74 is formed in the outlet side of this vapor-liquid- 
separation machine 70. 

[0041] Oxidizer gas supply path 46a and oxidizer gas blowdown path 46b are constituted like the above-mentioned fuel 
gas supply path 44a and fuel gas blowdown path 44b, Sign a is given to the same component at the same reference 
numeric character, and the detailed explanation is omitted. The compressor 76 for supplying air as oxidizer gas is 
arranged at the upstream of this oxidizer gas supply path 46a. 

[0042] While the output-control system 80 is connected to a load 36, two or more temperature sensors 34 built into the 
phosphoric acid fuel cell 10 are connected to the thermometry system 82. While the quantity-of-gas-flow control 
systems 84 and 84a are connected to the quantity-of-gas-flow controllers 56 and 56a, the gas-temperature control 
systems 86 and 86a are connected to the heating heaters 62 and 62a. The amount calculation system 88 of emission gas 
Nakamizu steams is connected to the dew-point sensors 67 and 67a, and pressure control systems 90 and 90a are 
connected to the input pressure sensors 64 and 64a, the output-pressure sensors 66 and 66a, and back-pressure valves 72 
and 72a. 

[0043] While the thermometry system 82 is connected to the balanced phosphoric-acid concentration setting-out system 

92, a load 36, the quantity-of-gas-flow control systems 84 and 84a, the gas-temperature control systems 86 and 86a, the 

amount calculation system 88 of emission gas Nakamizu steams, pressure control systems 90 and 90a, and a climate 

control system 94 are connected to this balanced phosphoric-acid concentration setting-out system 92. 

[0044] Thus, actuation of the fuel cell system 12 incorporating the phosphoric acid fuel cell 10 constituted is explained 

below. 

[0045] After high-pressure hydrogen content gas is supplied from the source 48 of hydrogen storage and the pressure of 
the maximum of operating pressure decompresses through a reducing valve 52, the rate of gas utilization is controlled 
by the fuel gas supply path 44a side by the quantity-of-gas-flow controller 56. After temperature up of this hydrogen 
content gas is carried out to predetermined temperature at the heating heater 62, by controlling a back-pressure valve 72, 
it is adjusted to predetermined operating pressure and introduced into the fuel gas passage 30 established in separator 
16a by the side of the anode lateral electrode 26 which constitutes a phosphoric acid fuel cell 10. 
[0046] The hydrogen content gas supplied to the fuel gas passage 30 diffuses the hydrogen gas of the amount specified 
at the rate of gas utilization in the anode lateral electrode 26, is consumed by catalytic reaction within a catalyst bed, and 
contributes to a generation of electrical energy. The remaining portion of hydrogen content gas is discharged at the fuel 
gas blowdown path 44b side including the amount discharged from the inside of the generation water in which 
phosphoric-acid concentration is reduced, and a fuel gas side. 

[0047] On the other hand, in the oxidizer gas supply path 46a side, after oxygen content gas, for example, air, is high- 
voltage-ized through a compressor 76, the pressure of the maximum of operating pressure decompresses by reducing- 
valve 52a. After the rate of gas utilization is controlled through quantity-of-gas-flow controller 56a, temperature up of 
this air is carried out to laying temperature by heating heater 62a. 

[0048] Furthermore, by controlling back-pressure valve 72a, air is adjusted to predetermined operating pressure and 
introduced into the oxidizer gas passageway 32 currently formed in separator 16b by the side of the cathode lateral 
electrode 28 of a phosphoric acid fuel cell 10. The amount specified at the rate of gas utilization is spread in the cathode 
lateral electrode 28, is consumed by catalytic reaction within a catalyst bed, and contributes the air supplied to the 
oxidizer gas passageway 32 to a generation of electrical energy. The remaining portion of this air is discharged by 
oxidizer gas blowdown path 46b through the oxidizer gas passageway 32 including the amount discharged from the 
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inside of the generation water in which phosphoric-acid concentration is reduced, and an oxidizer gas side. 
[0049] In this case, a required current value is set up from the demand output in that event by the output-control system 
80, and the amount of electrons passed to the closed circuit which consists of a phosphoric acid fuel cell 10 and a load 
36 based on this current value is determined. And the amount of the fuel gas consumed according to the amount of 
electrons passed to a closed circuit and oxidizer gas is determined, and the amount m of the generation water in which 
phosphoric-acid concentration is reduced (mol/min) is determined. 

[0050] Next, the dew-point of the fuel gas discharged and oxidizer gas is detected through the dew-point sensors 67 and 
67a connected to the outlet side of a phosphoric acid fuel cell 10. This dew-point data is sent to the amount calculation 
system 88 of emission gas Nakamizu steams, and the moisture from the phosphoric acid discharged at a moisture [ from 
the phosphoric acid discharged at a fuel gas side ] and oxidizer gas side is computed in this amount calculation system 
88 of emission gas Nakamizu steams. Furthermore, ratio a (%) which evaporates from the inside of the amount of the 
water in which the concentration of a phosphoric acid is reduced, and a fuel gas side is computed, and this ratio a (%) is 
sent to the balanced phosphoric-acid concentration setting-out system 92. 

[0051] On the other hand, the operating temperature of a phosphoric acid fuel cell 10 is detected by the thermometry 
system 82 through two or more temperature sensors 34 arranged in this phosphoric acid fuel cell 10, and the minimum 
value of this detected temperature is sent to the balanced phosphoric-acid concentration setting-out system 92 as an 
operating temperature of T degrees C of said phosphoric acid fuel cell 10. 

[0052] The amount m of the generation water in which phosphoric-acid concentration is reduced in the balanced 
phosphoric-acid concentration setting-out system 92 (mol/min) Ratio a (%) which evaporates from the inside of the 
amount of the water in which phosphoric-acid concentration is reduced, and a fuel gas side is inputted, and when it is 
the operating temperature of T degrees C of a phosphoric acid fuel cell 10 So that the phosphoric-acid concentration to 
which the amount of the generation water in which phosphoric-acid concentration is reduced, and the amount of the 
water which evaporates out of a phosphoric acid are balancing may turn into more than the criteria phosphoric-acid 
concentration that the performance degradation of a proper does not produce in said phosphoric acid fuel cell 10 The 
fuel gas utilization factor ra, the rate rc of oxidizer gas utilization, the operating pressure Pa by the side of fuel gas, the 
operating pressure Pc by the side of oxidizer gas, fuel gas temperature Ta**, and oxidizer gas-temperature Tc** are set 
up if needed. 

[0053] Here, the set-up fuel gas utilization factor ra is sent to the quantity-of-gas-flow control system 84 by the side of 
fuel gas. A required fuel gas flow rate is set up from the fuel gas utilization factor ra and the amount of fuel gas 
consumed by the reaction, and a fuel gas flow rate is controlled by this quantity-of-gas-flow control system 84 through 
the quantity-of-gas-flow controller 56. The set-up rate rc of oxidizer gas utilization is similarly sent to quantity-of-gas- 
flow control-system 84a by the side of oxidizer gas. A required oxidizer quantity of gas flow is set up from the rate rc of 
oxidizer gas utilization, and the oxidizer capacity consumed by the reaction, and an oxidizer quantity of gas flow is 
controlled by this quantity-of-gas-flow control-system 84a through quantity-of-gas-flow controller 56a. 
[0054] Moreover, the operating pressure Pa by the side of the set-up fuel gas is sent to the pressure control system 90 by 
the side of fuel gas, and the input pressure or the output pressure of a phosphoric acid fuel cell 10 is controlled by the set 
point by adjusting a back-pressure valve 72. The operating pressure Pc by the side of the set-up oxidizer gas is similarly 
sent to pressure-control-system 90a by the side of oxidizer gas, and the input pressure or the output pressure of a 
phosphoric acid fuel cell 10 is controlled by the set point by adjusting back-pressure valve 72a. 
[0055] Set-up fuel gas temperature Ta** is sent to the gas-temperature control system 86 by the side of fuel gas, and 
controls fuel gas by the heating heater 62 to the set point further again. Oxidizer gas-temperature Tc** set up similarly 
is sent to gas-temperature control-system 86a by the side of oxidizer gas, and oxidizer gas is controlled by heating 
heater 62a by the set point. 

[0056] In addition, the ratio which evaporates from the inside of the amount of the water in which the operating 
conditions, i.e., the current density, the phosphoric acid fuel cell operating temperature, the fuel gas temperature, the 
oxidizer gas temperature, the fuel gas utilization factor, the rate of oxidizer gas utilization, and phosphoric-acid 
concentration in the minimum operating temperature which performance degradation does not produce are reduced, and 
a fuel gas side is made to memorize in a phosphoric acid fuel cell 10. And at the time of a start up, after carrying out 
temperature up to the minimum operating temperature which does not produce the above-mentioned performance 
degradation, operation is started based on the conditions the above was remembered to be. 

[0057] Thus, when operating a phosphoric acid fuel cell 10 with this operation gestalt according to less than 120-degree 
C a temperature requirement and low-power output operational status, Even if the ratio in which produced water exists 
as liquefied water is high and it is the case where reduce the concentration of a phosphoric acid and the amount of 
phosphoric acids is made to increase Operating conditions are set up so that the phosphoric-acid concentration at the 
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time of the amount of the generation water in which phosphoric-acid concentration is reduced, and the amount of the 
water which evaporates out of a phosphoric acid balancing may become more than the criteria (that is, desired engine 
performance can be maintained) phosphoric-acid concentration which performance degradation does not produce. 
Therefore, additional equipment of a large-sized heater, the phosphoric-acid makeup equipment according to individual, 
etc. becomes unnecessary, generation-of-electrical-energy performance degradation and performance degradation are 
certainly prevented with an easy and economical configuration, and the effect that the good generation of electrical 
energy in the time of low temperature becomes executable is acquired. 
[0058] [Example] 

In the decision phosphoric acid fuel cell 10 of the phosphoric-acid concentration which the degradation of a proper does 
not produce in a phosphoric acid fuel cell 10, if a phosphoric acid flows out, the cell engine performance will not once 
return to the initial engine performance. For this reason, after operating by operating conditions to which generation 
water arises and phosphoric-acid concentration is reduced, the phosphoric-acid concentration at the time of the 
minimum of the operating temperature which can be returned to the initial engine performance turns into criteria 
phosphoric-acid concentration which the performance degradation of a proper does not produce in a phosphoric acid 
fuel cell 10. 

[0059] Then, conditions without the performance degradation accompanying runoff of a phosphoric acid, i.e., the 
operating temperature of a phosphoric acid fuel cell 10, evaluated the engine performance (current density - voltage 
characteristic) of said phosphoric acid fuel cell 10 under the conditions 50% and whose rate of oxidizer gas utilization 
201.3kPa(s) and a fuel gas utilization factor are [ the operating pressure by the side of 160 degrees C and fuel gas ] 50% 
for the operating pressure by the side of 201 .3kPa(s) and oxidizer gas, and voltage in case current density is 1 A/cm2 
was made into the criteria of the initial engine performance. 

[0060] Next, the operating temperature of a phosphoric acid fuel cell 10 was made into the operating temperature of T 
degrees C lower than 160 degrees C, and according to the same conditions as the above, with the fixed current density 
of 0.2 A/cm2, other conditions continued for 3 hours and performed the generation of electrical energy. And it asked for 
the ratio a which evaporates from the inside of the amount of the water in which the amount of the water in which the 
concentration of a phosphoric acid is reduced reduces the concentration of the measured value of the dew-point sensors 
67 and 67a to a phosphoric acid further, and a fuel gas side from current density and effective electrode area. Then, 
again, the operating temperature was made into 160 degrees C, the engine performance of a phosphoric acid fuel cell 10 
was evaluated, and the voltage at current density 1 A/cm 2:00 was measured. 

[0061] Subsequently, when asked for the operating temperature to which conditions with an operating temperature of T 
degrees C are changed into, and the voltage at current density 1 A/cm 2:00 before and behind a repeat deed and a low- 
temperature generation of electrical energy does not fall the above-mentioned measurement rather than the initial engine 
performance, it was 120 degrees C. The ratio a which evaporates from the inside of the amount of the water in which 
phosphoric-acid concentration is reduced, and a fuel gas side was 20%. And the inside of the amount of the water in 
which 0.2 A/cm2 and the effective electrode area S reduce [ operating temperature / of T degrees C / current density / 1 / 
120 degrees C and ] the concentration of 2 and a phosphoric acid by 196cm, The fuel gas utilization factor ra 20% 50%, 
[ the ratio a which evaporates from a fuel gas side ] 0 degree C whose rate rc of oxidizer gas utilization is reference 
condition, and the fuel gas flow rate fa converted into latm 50% 0.54 1/min, For 0 degree C which is reference 
condition, and the oxidizer quantity of gas flow fc converted into latm, the operating pressure Pa by the side of 1.33 
1/min and fuel gas was [ the operating pressure Pc by the side of 201 .3kPa(s) and oxidizer gas ] 201 .3kPa(s). 
[0062] When the amount of the generation water in which phosphoric-acid concentration is reduced, and the amount of 
the water which evaporates out of a phosphoric acid were balancing, the maximum vapor tension Ps and a of the 
phosphoric acid in fiiel gas is 33.6kPa(s), and the maximum vapor tension Ps and c of the phosphoric acid in oxidizer 
gas was set to 31.8kPa(s) from these. At this time, the phosphoric-acid concentration by the side of fuel gas is 84.9%, 
and the phosphoric-acid concentration by the side of oxidizer gas became 86.6%. Therefore, the minimum of the 
phosphoric-acid concentration which does not produce the performance degradation of a proper in a phosphoric acid 
fuel cell 10 became 84.9%. 

[0063] In the case of 80-degree C operating temperature, first, the fuel gas utilization factor ra, the rate rc of oxidizer 
gas utilization, the operating pressure Pa by the side of fuel gas, and operating pressure Pc by the side of oxidizer gas 
were usually made into the same conditions as the time of operation, and the degree of degradation was measured. Then, 
the operating pressure by the side of 201 .3kPa(s) and oxidizer gas was set up as 201 .3kPa(s), the rate of oxidizer gas 
utilization was set [ the operating temperature of the phosphoric acid fuel cell 10 without performance degradation / the 
operating pressure by the side of 160 degrees C and foel gas ] up for the fuel gas utilization factor to 50% 50%, the 
engine performance (current density - voltage characteristic) of a phosphoric acid fuel cell 10 (an active electrode area is 
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2 196cm) was evaluated under these conditions (henceforth typical operating conditions), and voltage it will be whose 
current density in 1 A/cm 2:00 was made into the initial performance standard. 

[0064] Then, the conditions of the operating pressure by the side of oxidizer gas (201.3kPa), a fuel gas utilization factor 
(50%), and the rate (50%) of oxidizer gas utilization were made the same, the operating temperature was reduced to 80 
degrees C, generating current density on condition that 0.2 A/cm2, in this condition, it continued for 3 hours and the 
generation of electrical energy was performed. In addition, the ratio which evaporates from the inside of the amount of 
the water in which the concentration of a phosphoric acid is reduced, and a fuel gas side was 50%. 
[0065] When the engine performance of a phosphoric acid fuel cell 10 was evaluated under the typical operating 
conditions on the basis of the above-mentioned initial engine performance, the voltage it will be whose current density 
in 1 A/cm 2:00 was measured and this value was compared with the initial performance standard after the generation of 
electrical energy of 3 hours, that voltage retention is 78% and performance degradation had produced it, without the 
ability returning to the initial engine performance. 

[0066] Next, the existence of the performance degradation at the time of usually reducing the fuel gas utilization factor 
ra, the rate rc of oxidizer gas utilization, the operating pressure Pa by the side of fuel gas, and the operating pressure Pc 
by the side of oxidizer gas rather than the time of operation was verified. The inside of the amount of the water in which 
80 degrees C and current density are reduced to in the operating temperature of a phosphoric acid fuel cell 10, and 0.2 
A/cm2 and an active electrode area specifically reduce 2 and early phosphoric-acid concentration by 196cm, So that the 
ratio which evaporates from a fuel gas side may be made into 50% and phosphoric-acid concentration may become 
84.9% or more which is the minimum of the criteria phosphoric-acid concentration which does not produce performance 
degradation The combination of the fuel gas utilization factor ra, the rate rc of oxidizer gas utilization, the operating 
pressure Pa by the side of fuel gas, and the operating pressure Pc by the side of oxidizer gas was searched for. 
[0067] In the phosphoric acid whose phosphoric-acid concentration is 84.9%, the maximum vapor tension in 80 degrees 
C is 6. 10kPa(s), and set up the conditions which set maximum vapor tension of the phosphoric acid by the side of fuel 
gas and oxidizer gas to 6.10 or less kPas. That is, when the operating pressure Pa by the side of fuel gas and operating 
pressure Pc by the side of oxidizer gas were set to 101 .3kPa(s) which are the minimum values (atmospheric pressure) of 
an output pressure, respectively, the rate rc of oxidizer gas utilization was set up for the fuel gas utilization factor ra to 
10% 10% that what is necessary is just to make 11% or less and the rate rc of oxidizer gas utilization 14% or less for the 
fuel gas utilization factor ra. 

[0068] Then, after obtaining an initial performance standard like the above based on typical operating conditions 
without performance degradation, the operating pressure Pa by the side of fuel gas and operating pressure Pc by the side 
of oxidizer gas are set to 101 .3kPa(s) which are output pressures, respectively, 10%, 10% and current density generated 
electricity [ the rate rc of oxidizer gas utilization ] on condition that 0.2 A/cm2, and the fuel gas utilization factor ra 
reduced the operating temperature to 80 degrees C. 

[0069] After continuing for 3 hours and performing a generation of electrical energy, without changing operating 
conditions, the engine performance (current density - voltage characteristic) of a phosphoric acid fuel cell 10 was 
evaluated under the typical operating conditions which are the criteria of the initial engine performance, and the voltage 
it will be whose current density in 1 A/cm 2:00 was measured. When this value was compared with the initial 
performance standard, that voltage retention is 100% and performance degradation was not accepted. 
[0070] In the case of 65-degree C operating temperature, the existence of the performance degradation at the time of 
usually reducing the fuel gas utilization factor ra, the rate rc of oxidizer gas utilization, the operating pressure Pa by the 
side of fuel gas, and the operating pressure Pc by the side of oxidizer gas rather than the time of operation was verified. 
The ratio which evaporates from the inside of the amount of the water in which 65 degrees C and current density are 
reduced to in the operating temperature of a phosphoric acid fuel cell 10, and 0.2 A/cm2 and an active electrode area 
reduce the concentration of 2 and an early phosphoric acid by 196cm, and a fuel gas side was made into 50%, and the 
combination of the fuel gas utilization factor ra, the rate rc of oxidizer gas utilization, the operating pressure Pa by the 
side of fuel gas, and the operating pressure Pc by the side of oxidizer gas be searched for so that phosphoric-acid 
concentration might become 84.9% or more which is the minimum of the phosphoric-acid concentration which do 
produce performance degradation 

[0071] In this case, in the phosphoric acid of 84.9% of phosphoric-acid concentration, the maximum vapor tension in 65 
degrees C is 2.8kPa(s). Then, in order to set maximum vapor tension of the phosphoric acid by the side of fuel gas and 
oxidizer gas to 2.8 or less kPas, when reducing the operating pressure Pa by the side of fuel gas, and the operating 
pressure Pc by the side of oxidizer gas to 101.3kPa(s) which are the minimum values (atmospheric pressure) of an 
output pressure, respectively, the fuel gas utilization factor ra and the rate rc of oxidizer gas utilization were made into 
5%, respectively that what is necessary is just to make 5% or less and the rate rc of oxidizer gas utilization 1 3% or less 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgLejje 



3/8/2004 



Page 9 of 9 

s 

for the fuel gas utilization factor ra. 

[0072] Next, the engine performance by typical operating conditions without performance degradation was evaluated, 
and voltage at current density 1 A/cm 2:00 was made into the initial performance standard. Then, the operating 
temperature was reduced to 65 degrees C, performing 5% for the rate rc of oxidizer gas utilization, and generating 
electricity current density on condition that 0.2 A/cm2 5%, in 101.3kPa(s) and the fuel gas utilization factor ra which are 
an output pressure about the operating pressure Pa by the side of fuel gas, and the operating pressure Pc by the side of 
oxidizer gas. And after continuing for 3 hours and performing a generation of electrical energy, without changing 
operating conditions, the engine performance (current density - voltage characteristic) of a phosphoric acid fuel cell 10 
was succeedingly evaluated under typical operating conditions, and the voltage it will be whose current density in 1 
A/cm 2:00 was measured. When this value was compared with the initial performance standard, that voltage retention is 
100% and performance degradation was not accepted. 

[0073] In the case of 60-degree C operating temperature, the existence of the performance degradation at the time of 
usually reducing the fuel gas utilization factor ra, the rate rc of oxidizer gas utilization, the operating pressure Pa by the 
side of fuel gas, and the operating pressure Pc by the side of oxidizer gas rather than the time of operation was verified. 
The ratio which evaporates from the inside of the amount of the water in which 60 degrees C and current density are 
reduced to in the operating temperature of a phosphoric acid fuel cell 10, and 0.2 A/cm2 and an active electrode area 
reduce 2 and early phosphoric-acid concentration by 196cm, and a fuel gas side was made into 50%, and the 
combination of the fuel gas utilization factor ra, the rate rc of oxidizer gas utilization, the operating pressure Pa by the 
side of fuel gas, and the operating pressure Pc by the side of oxidizer gas was searched for so that phosphoric-acid 
concentration might become 84.9% or more which is the minimum of the phosphoric-acid concentration which do 
produce performance degradation. 

[0074] In the phosphoric acid of 84.9% of phosphoric-acid concentration, the maximum vapor tension in 60 degrees C 
serves as 2.2kPa(s). What is necessary is for the fuel gas utilization factor ra just to reduce 4% or less and the rate rc of 
oxidizer gas utilization to 10% or less, when reducing the operating pressure Pa by the side of fuel gas, and the 
operating pressure Pc by the side of oxidizer gas to 101.3kPa(s) which are the minimum values (atmospheric pressure) 
of an output pressure, respectively, in order to set maximum vapor tension of the phosphoric acid by the side of fuel gas 
and oxidizer gas to 2.2 or less kPas. 

[0075] In the above-mentioned case, when the rate of gas utilization was not much low, it was not practical, and it was 
higher than the operating temperature in the temperature by the side of fuel gas and oxidizer gas, for example, was set as 
120 degrees C, and verified whether performance degradation would arise. First, the operating temperature was reduced 
to 60 degrees C, generating [ generate the rate rc of oxidizer gas utilization, and / 101.3kPa(s) and the fuel gas 
utilization factor ra which are an output pressure about the operating pressure by the side of fuel gas, and the operating 
pressure by the side of oxidizer gas / current density ] 120 degrees C and oxidizer gas temperature for 0.2 A/cm2 and 
fuel gas temperature on 120-degree C conditions 5% 5%, after obtaining an initial performance standard under typical 
operating conditions without performance degradation. 

[0076] And after continuing for 3 hours and performing a generation of electrical energy, without changing operating 
conditions, succeedingly, the engine performance (current density - voltage characteristic) of a phosphoric acid fuel cell 
10 was evaluated under typical operating conditions, and the voltage at current density 1 A/cm 2:00 was measured. 
When this value was compared with the initial performance standard, that voltage retention is 100% and performance 
degradation was not accepted. 
[0077] 

[Effect of the Invention] In the operating method of the phosphoric acid fuel cell concerning this invention The 
phosphoric-acid concentration at the time of the amount of said produced water to which phosphoric-acid concentration 
is reduced, and the amount of the water which evaporates out of a phosphoric acid balancing, in case it operates under 
the conditions in which produced water exists as liquefied water While avoiding generation-of-electrical-energy 
performance degradation certainly by setting up operating conditions so that it may become more than the criteria 
phosphoric-acid concentration which can maintain the desired engine performance, the initial engine performance is 
certainly maintainable at the time of a reboot. It will become economical, while additional equipment of a large-sized 
heater, phosphoric-acid makeup equipment, etc. becomes unnecessary and a configuration simplifies effectively by this. 
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* NOTICES * 
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damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
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[0 0 2 4] 
[»3] 



(4 ) 
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mx— ^x22.4 

Ps,a = 128 x pa 

fea 

* ■ mx — x22.4 
100 



c 100- ra a A 

fax + mx x22.4 

100 100 



xPa 



(3) 



[0025] iwbs<j#* (^T-.$>f), mm&2 

lwtX't, SSR#7 9wt%) fflJA»6»asn*^- 
iff eclt TIB© (4) 5$ <fc. 9 ft So 

100- rc 



fee = fcx (0.21 x- 



100 



0.79)- 



[0027] $b^MtiO!Mbitijtxtp<DV>m<Diiffl 
iasPs, 'c smite* tss© (5) fec*e,5R»?,n 

100-a 



[0 0 2 6] ' 
[ft 4'] 

100-a ■ „ 
-mx— n — — x22.4 
100 

[0 0 2 8] 
[»5]. 



(4) 



mx 



Ps,c = - 



100 



-x22.4 



fee 



m x - 



-xPc 

1 00-a 
100 



x22.4 



fcx(0.21x^^ + p.79) + mxi^x22.4 



xPc 



■<s) 



100 

[0 0 2 9J*ft, V >Wt(Dffiam£V££V >g*i§,8© 
U >mgtt r 'J >i*©fSftl5sSMJE©W»i: bt*K»e> 

SJI&MffiP s , a*J:««fbffl;tf*«*>© U >&©^*J^ 

[0030] *»«jttt, mamwtfx f© y 
.fcvm&Mmxxmhf e a at, y >»oiit4ffit$ 

7«fO'J >®©fiS*nJ&J?l£EPs, afcfc, ^*4*^{PJJCDS 
. P a t § > * fc tt*R*4#;* r a #flS 

^tttng<&t) > z<Dtsm, y >gMjK#is<«ts. 

[0 0 3 1] [bJ«(c, fttMWMfiJtf;**© y >&©8sw. 
IMEPs , cfciu iHb#J#x<PJ©»ijgEE7jP c, jRfb 
JW#*fiJffl*r c*«ttFWi|lttj!8Tf*a 0*Cx 1 a tm 

»iB'iMB»Sf^it>©y >&©fl&«&j£LEP s, ctt, |g 
[0.0 3 2] cftfcj;!), «**#;**Jffl*r afc»(b« 



100 



[0033] y >mmm&, y >R©tefaa&iE 
30 «> % y >^©6Sffi^^jiA s -«©is^ y>sauK*fls 

T£H*3£J&7jc©S£: 'J >®*3f)^^^-S7X©ai:* 5 
£ iS5 < -f & - i: A 5 °J«6 K & -5 . 

[0 0 3 4] «R»*^»SETa'C*J«ttfflWb' 
«3tf^fflfiET'c'C*a<E«fiET'CJ;t)*»i«<1-Si4:fe 

«k.o> y >s»KfefiT****Bfc!k©«t y >^<pa> 

e>M•rS7Jc©gi:* s ¥^ei:^?»^©¥«#tiT•© , ; > 
&i&KT' 'CfciHE»fiET'CJ;!>fci8< U ¥«#©•; 

40 t a-c*j £vm<kmxxM& r r c°Ck¥ffiWmX-<D y > 
ifiST' •C©HMJRB\ *©y >^M^Srtfe{c®W© 

[0 0 3 5] 

mm^^nm-t s t»© y >^M^*4@rfe 1 o ©ma 

^ji*tl5*K*4@fte->^7 i A 1 2©HD§filfi)(;lllT-feSo 
[0 0 3 6] 'J >iS«Ms|til 0{i,H3iz^-rJ;o 

50 ffcl 4©PBiciEg£ft5;W#— •7<Kt-£5-teAl<' — 
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7 

*16a, 16bi^ gil3-fe>*U— * 1 6 a, 1 6 b© 

5o mMmm.m 1 8 a, is bc^wcf*, ^> kt'u 

-h2 0a, 2 0b#IBB£ft> milB^V H7"l/- K 2 
Oa, 20 b jMH^b&^tf^K * c 
(c «t t» s 'J >M33*R*4«illi 1 0 tf-TOCM^ti 

[0 0 3 7] SMS • 1 4. fcfc, 'J •? 

%$&<g^ h "J y ^*Jg 2 2©i^SfCil^tt^^— -f" 2 4 

{B!IS@2 8 hSrfif^^o 

[0038] -b;^-^16a, 1 6 b£&, 7V— K 
{DSH 2 6 43 «fc tF*' V — HffliSS 2 8 Cttft-T 6 B 
*4^g£!iS3 0 k.mmtfi^W&Z 2 fc*»c£ftT^ 
So ^^ i6a, 16bCI±, Ty-K«iJSflS2 
6i;*V- K#Jl,S88 2 8 £(Di&ftM C*tfS UT«gfe©i& 
fi-fe >t>- 3 4 #iEB£ft"C^&° 

[0039] i4^nac> v >mmmnm^io 
^m^t^mmmmm 1 8 a, 1 s bti±, ^-*s?© 

IH5S3 6A^titv^. U >ig§a*m@itfl 1 0(: 
It, it*W»3 0pMtii»««»IBI4 4 
a*3«fc^*4^^»tii^ 4 4bfc, IWbfflj#*ga&3 

**tBl!£E&4 6 b £;A J g^t£ft3. 

[0040] mntf^mf^mm 44a ta:, ±aaw*>' e> 

4 8 

ffla#5 0h, Mffi#5 2i:, 4 
Jtf>C«E««iJ»»5 6i:, 5 8 fc, iJ»±#6 0 i:, 

t^s. *R»^#aii»4 4bctt^ ttsp«ym£-b> 

it 6 6 t> S-^-fe 6 7 3ft£lfe8§6 8 i:, 
JSg7 0fcs fTff#7 2 i:#BBB£ft5fc i© 

[0 0 4 1] Rfbffl3tf^«<&ilSi&4 6 a«£OT*fcffl# 
xmtUmm* 6b& ±l3©«*4#*0«&fll&4'4 a*; 

jirrtjR»3tf^»tB«»4 4 b fcHiciiasntJs 0 > 

tf)©rJ>7*U>yt>-7 6 A s iBB£ftT^5<> 
[0 0 4 2] ftfflf3 6Ctt, ffl*«l»^rA8 0#8 

tV>5Jtafe©MJKHr>f3 4^SJKfiJ«->^^A8 2£ 
jStt^nS. #*»E*0JfflI«5 6» 5 6 at#^«E«teiJ 

_^6 2, 6 2 aC#*iUSfW»S'*5 l A8 6, 8 6 a 
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tfifcttSfta. 6 7 . 6 7 aU#fcti#**zK 

6 4 s 6 4 a, itiaMfrt>-ty-y-6 6 S 6 6 a*S«tV» 
Ji#7 2, 7-2atEi3«l»'>^^^9 0 % 9 0a#» 

[0 0 4 3] WLS.M "xsLi/T-^I* 8 2 tt¥« U >Mffi& 

iftKlftje^yAg 2KB:; H^3 6, 
XrA8 4, 8 4 a, A 8 6 , 8 6 

10 a, »ai^4 3 7j<^^.S»tiS->^^A8 8, f£t>%IW~> 
A 9 0 % . 9 0 aSitfUSMii'^T A 9 4 
cFft&o 

[0 0 4.4] cOA-JKHtfiK^niU^BlffiMSM*! ■ 
0 £fi»&toNBRSffi3'*?;A 1 2ffliM£ic:o^T, 

[0 0 4 5] «fr-:tf*tt«&«K'4 4 afflTCHU v^m^M 

£^LT3ffiteffi2J©*;*^©ffi2»k:^££ft^> # x 
^S©JJUS5 6(3«t f)^fiJffl** s fflW^n?>o C©7k 

20 ttrtftt-* 6 2 DBf«««*TJ#» 

i*5E*tiiB*nx v>mmmmmmi o*mm-rz> 

7>y_ h-ffiHffiBi2 6(PJl©-fe7^lx — ^ 1 6 a fcli&tt £ftT 
[0 0 4 6] SfcES 3 0&cfly&£ftfc7.K5l-^W# 

30 m*n4«*'^A,T?*R»*^»lB«»4 4 b{R!lti#m^ 
[0 0 4 7] —73s BKb*JJtf^«l&)lia4 6 affiJtttx 

wm&ntfx* man, ■£m,&z2>7i>vV7 6*ins 

X^B^ntz^ i«JE#5 2 a{cj;t)«tem^©g^ 

2 at?l9;^iaK* - r-#ia^*x5. 

[0 0 4 8] ^S.{iWJ£#7 2 a* s $iJ»^tLi) 

40 Sil 0©*V-.H«««2 8«®-te^U— ^ 1 6bt 
}^J5£$n-CV^5^b^J^SES&3 2lzmA£tl2>o Wtit 

3 ft £ fi * s t> V - K«y«« 2 8 tip fcteffc UtM^S rt T 
M^St&t«t fJfiS^ftx -©ffi^.© 

<bjW^ffll*>6>»lli*ft i B'***^SMl3*J^*SS 3 
2*»oT»<b#J.3tf^»tBl(iSS4 6btl*lti*ftS. 
[0 0 4 9] ^©iS^> tB*^JP»>^^A8 0C<t 5, 
^©B$^T-©S*(±i±;A^'£>S^S^t«* s S&^^fts - 

50 ©s^fitcs-^^-c u >Ks«s*4@fft i o iimm 3 6 fc 



( 6 ) 
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7k©fim (mol/min) ^^K^. 

[0050] »{c, »to3fts&**;tf*fc«fctJ«fb*i:tf 

XClAft U >KS^I4S«fe 1 0 ©tBPfllCS?IS?n 
feliS-t>t6 7, 6 7 a£*M,TtftW£ftSo CI©g 
^t 1 — *fcfc> j#m#X*7j<^Sffiii->X7 1 A8 8JC& 

Jt*a (%) A s l¥tJB?n, C©lb 
*'a (%) # W; >®ffl«^~>^7=-A 9 2lzm<otl 

[0 0 5 1] — # v U 1 0 ©iHfeiBg 

J S ; fe>-y-3 4*^U-r®SEPJ^>'^7 1 A8 2£«fct>tfciii 

XtA 9 2 ICizi^ftSo 
[0 0 5 2] 5p$T U >^«JKIS^'>^?- A 9 2 T-{£> U 
>®«ff£(ET£*S£<!3kk©Sm (mo 1/mi 
ii) v U >«ME tftTSti*©!©^ 

Mti&i o-oaME«*T , c©i:*t, 

5C S «R«^|iJffl*.r a, iftSJ^Jffl*rc, « 30 

c, «»^iBKTa'C*J:VSMb«!l^iBftT c'Ctf 

[0 0 5 3] CiT\ i^ilfcM^liJffl^ra 
fcfc. i»W«©W«lllilPJ'^rA8 4 £5* & ft 
§„ ^©^SEfiW^X^AS 4flt «#4^X*iJffl 

jt* jww» * ft s . aas s n fe ^Yb^j # * m m 

^rctts ^fcSMb##*«©:tf*^fM»*>*^A 40 
8 4 aJCi£i=>ftSo u«P^ilPili'XrA8.4 at 
fcft KYb^J^*Jffl*r c «t t)fS»*H*»<b 

mM.mm& 5 6a^tt m\M xxmm mm s ft 

[ 0 0 5 4] $Ltzs aft3£*nfe«R«^«©a<E£E*P 

JE#7 2^i@fi-rsc:i:tJ;cT U>^S^*4Srlbl 0 
© A PiPJlflE ^ * £ tt f±S PfflllJE *7 #19:£ffit £ £ ti 5 . 
IS^$nfc^b?f!l3tf^«!lO)lteJBE*P c(i, Ht££^fb 50 
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#J 1i7.M(DS. ±>®m "> X ^ A 9 0 a tc m h tl, »E# 7 
2 aaWSSftS^fcCfcoT* iJ^ftSMflttlO 

© a pffliM *j $ fc ttffipf jjee tt hmim. K.wm z nz . 

[0 0 5 5] R£Sftfc*R*4#*i»KTa 
*C{±, <«!(s|-**^{IU©^iaKftfJfflI'>^^A 8 6£j££ 

*ix Aniftt:-^ 6 2 1: j; & feBbEttcMff? 

3tfX{B!l©3!J^fifil»Jffllv'X7 L A8 6a£j££>*U *D&fc 
-#6 2 a JCfc &^JH:tf;*#R£ttfc#J»;*ft*. 
[0 0 5 6] .U 1 0£*5<^T> 44 

JK, .RfWWtf^fflflL MS»*^Mfli*; Wtmnxwm. 
[0057] cffli^c, *5Wt0&j»-eau u >sm^ 

*4Srfe 10*12-0 -C^il^SSfEffl^fglii^jltettffi 
*7y^<, y>»©««*fiT*#ry >»«&t»in* 

Si: y >^^A^^-r?)7jc©M^A J ¥^TS^©y > 

SM^LW?.) **y >»«SEjw±tc«t* j:^ 

WS:«fiRt?x- »«ttteCDfiT^M4IE^bSflt*Cfajt U 

t< ^^&mB#t-©A^(f'5^^«A s ^^T°Iiit^c?>i:v^o^ 

[0 0 5 8] [Sfe860!l] 

y >ag%stii i o \zmm<D l &m{srfifi^tii^ y > 
y >g?s$$4*fft i o r-tts -is y >»*»ssEm l-t u 

Jot «Mttfl6tt*JJUM4t6fcRe>&^. z.<Dfc&>, S 

tpsb#© y >k«k*«, y >fts*R»««b i o cat© 

[0059] *ct% y V^O^aKi^dttft^b* 5 * 
v>^. -r«sfoT&x 'J >^S^*4Srfe 1 0 ©SfeSJK* 5 
16 0"C, «S»3tfA«|©3»Effi*# 2 0 1. 3 kP a, 

mfcfflJtxm<DwmE.ftt> s 2 01. 3kPa, «s«*^ 

*Uffl** s 5 0%*J:i«Wba!l^*Jffl** s 5 o%<»mt 

[ 0 0 6 0 ] mz, U >^S^*4Srlil 1 0 ©j!teSJg&' 
1 6 0'Cct I? t>fg^jilterajST'Ct Us fte©^(i±ie 
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£|5]— ©HMtCi^ 0. 2A/cm'0-ftMg 
6) tCS^-fe 6 7 , 6 7 a 0«|£fi*& »J >R©ilJg- 

SriSTS***©*©^ 63K*1-4J£* 
u >KS«s*4«flb i o ©ttfg&ifffi b-t sm*js i a/ 

[0 0 6 1 ] aHE«KTTC©*Wfe*i-C±K 
CDm%.*& t>il Ut V V fgS^SBU^©m^JS 1 A/ 

^©££-3, 1 2 0°CT-$)ofe. 'J >»»K£f£T3 
•frS7jc©fi©^s 3Jt*att2 0 

%r-feofc„ fut, »ibmjkt-c#i 2 0-c, m«t$E 

jKI#0. 2A/c'm\ fjaiWSSin96c 
m \ ijyttoaueSffiTS***©*©^ 
{By*>£^$g-r31b*a#2 0%, ^tfXfUffl^r a# 
5 0%, »fbffl*^*Iffl*rc4»5'0%, WHlttlST?* 
SOU 1 at'mfc«*Ufc*RJ&:tf*«E«f a#0. 5 
4 1/min, SWfTfe50-C, latmtc&lfb 
feiftlJ^Slf ctf 1 . 331/min, 
{PJjCDjlfcJE^P 8^201. 3 kPa^ilfBMbffJ^ 
{ROCDiiSifeE^P c#20 1. 3kPat^L 

[0 0 6 2]cn^*?>, 'J>WUtftfiT$*44« 
7jo£>fi£U vRip^felfc^**©*^^**:*-^ 
B#^T% *RJS^*©U>K©fiS?n^^JEP s, a* s 3 
3. BkPaffet), ttYbffl^-fO'JVROfSW^ft 
ffiPs, c'#3 1. 8kPat*9fc. iCt^'iPl 
#*{fBI© U >&«Kfc* 8 4. 9 %T-fe !9 , »<b*!l:tf 
OU>»«9Ett8 6. 6%fcfcofc. tSot, U >8SM 
85*4SrtiJ l OCiS©tti*fbS£ 'J >8S«g© 
TISii. 8 4. 9%£&ofco 

r n n fi 3 1 3MB«ug 8 0 °cg>t§£r 
jf v jyR»^sWfflJ*tra v »<b#J^I'Jffl*rcs 
■ft^fllfflififfAPa, SMbfflif^fflO©a<E£E*P c 
SaWWEfttH-SfePFfc U tti&<ttT©«£-v^S!l£ 
bfeo tt|g£fb©fcvvO >RS***«ifc l 0 © 

SCffiftS 16 0U #*<!©««£:&£ 2 0 1. 
3kPa, »<b»l^«©a<BE**2 0 1 . 3kP 
a, $S#4#*#<Jffl*£5 0%, BWbffl#**Jfli** 5 0 

T?, 'J >RS$;#4it*tfc 1 0 (S®W#Jffl*# 19 6cm 

# 1 A/ cm' «F<o«mftWSattl6S*ffl[i: bfc. 
[0 0 6 4] fl^Tx gWb#l#;*ffil©»EE2r (2 0 

i. 3kPa) , m*wx#im* (50%) *j:wawb 

ai#*ifljfl3* (5 0%) ©*tt*i-tl/< ««E*K& 
0. 2 A / c m' ffljfetttJBt Loo»EI«6 8 0 "C 
*-e<KT2F-B\ £©«»"*?* ^115: 3B$ffl»«!bTfTo 
fc. U>^©SK&fST^-fri)7X©S©'P, 
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#Xffll*»&«i«-r4Jt*tt5 0%T-feofe„ 
[0 0 6 5] 3B$IH©IS^&tc> J:S3©*!)Wtt8ISrSiP 
'fc bfe»*JIte^f'+TT- 'J >S3U«*4«ttl 1 0©tt«6* 
fPfflU SMS* 5 1 A/cm'KOtESSISU - 
©ttife«JJWtti6S*ttfclfc«^fci:-3* *©mJE«ft 

£bTv>fe. ' 

[0 0 6 6] ifcfc, ittW«li*ra, »bM*^« 

10 {W©«feE*P »«aeRf J: -OfefiT 

©tt*k&{b©*fc*«ffibfc. jittWCfclU >;>KfiUB 

44tiii o©3i*5ias&8 cc, s^msso. 2 A/ 

c m' s ttffiftftSiffS 19 6cm' *5.£ V8JJW© 'J >® . 

tb*^5o%i:b, >)>mmg.tfi&.m'£<b%±biz^& 

*!J>iiSI©TlTfe4 8 4'. 9%feLt£&£><fc-5 
C." UBlWJffl^ra, ifb)H^|iJffl*rc\ .«» 

20 [0 0 6 7]'; >RiiK* s 84.9 %<D 'J VR&C43V 
T\ '8.b"CCfctt*ttfflaS»EEtt6. lOkPaT'fc 

•j ; «»3tf ^fi0i3«ttfflKb«i3if u >»©mwd*s*i 

JEES: 6 . 10kPaWTi:t5*ftS:IS:SLfe. t^b 

*>, *»4#;*<iB©»Effi*p a* j:rfflWb»j*^«o©a 
sje±tp cSr^etv^entUPdiiJE^wafStt (;*^ue) t- 

$,5101'. 3kPai:tl.^ H*W*lfl*raS 
1 1 %«T, *J:D«fl3«3lf^««*r c* 1 4%K1T 

S-fbffJ^*Jffl^r c£ 1 0%izm%.lsfro 
30 [0 0 6 8] ^"tr, ±I3i:P]«t, ttflBSMb©*^* 

Ttf^ffiycDjlteEE^P a*J:tfflWbfflif^«©a«EE*P 
cSr-en^etittiPffiyjE^T-fe?. 1 0 1 . 3kPai:U 
*R**;tf;*;Nfla*r a* s l 0%. m<tmi37.mmmr cifi 
1 0 %*3<tU c ««^JK* s 0 . 2 A/ c m' ©=fe<*T*#gm 

[0 0 6 9] ilte^S^x.rt^«$3B#P^^bT 
40 U m^JK* s 1 A/cm'B$©SlE2:«iJSbfe. Z<D 

<i i oo%-efeot, tttese<bttB«>e»*xj&:*»ofc. 

[0 0 7 0] igfergg 6 5 'COft^ 

isiicDateJE^p a*«tv»<b«i^ffli©a*aE*p c 

3i«aeil#J:»)*ffiTS*fc»-&©tt«B*<b©*«f 
StffiLt. u >»s*R»«a 1 0 ©StefSJSS 6 5 
°Cs S^JS^O. 2 A/ cm', 1 9 

6 c m\ i3«fcV^W©'J >»©«K*(ST*-&*zk© 
50 acDtp. MS«3tf^ffll*»e»3lS*-r5Jt**5 0%i: b, U 
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>iHMEA s ttt65&fl3*£ fcfc<^ ') >»lSfflTIB , e» S 
8 4. 9%J-;l±fc&5 *R*4#;**Jfli#ra, fit 

fl3«l^*lffl*r c, ««#:*ffiJ©aMEEE*fP a*Jitf 

[007 i ] 'J >m^m 8 4. 9 %© »; >m 

IZ&^X, 6 5*CT©»B*lftfftt2.. 8kPat-$> 

fMft*U£*2- 8kPattTfct$ft»Ctt, 
X«©»BE * P. a 43 £ 0«fbffJ;tf * W©»EflE;b P c 

s-en-e*itiiPfl!iE*©fi<£fi (**je) t-fcsi o 

1. 3 kPattfiT^tfeS^C, *Msttf**JJS** 
a ft 5 %WT*J J:lfBMb*l#^*l^* r c ft 1 3 %WT 
£-rft(£=fc<, #iJ£fc£, «S*4*r^*iJffl^ra*3«tU'^b 
#J#;**iJ/B¥r c ft-en^tl 5 %£ L-fco 

[0072] ftc'-tties&fto&v^as^afesfeWtJ;* 

fifgftsffiU SjS^S 1 A/cm' B$©mEEftlD^t4 

«tV^Yb^J^^©3ite£E*PcftaiPffl!lE*-eJfeS 1 
01. 3kPa\ M&Xxmmmr&Z5%, WMbMU. 
^fijffl^rcft5%> tS&xmmV8B£.&0 . 2 A/ era. 
'©^T-%mftfTV»*:* s ?>, SMEi&Kft 6 5*C*T?<6 
T$i*fc. fLT, JHE*« : ft**.-rfc, ^mft3B$F^ 

«»i u r fr o & *, § i & »v * t mmmm^r * > at 

£ttM4tt% 1 0 (D&m (S«£a5S~«ffi#tt) ftifffi 
^jSt®S*s i A/cm'B#©SJEftffliJ^Ufec d© 
fitft«5l^tttg«Pfi&i:tb^bfci:C5. -£©«EfiM$$s 
fcfcl 0 0%^ot> ttte&YbttBft&ti&iPofc. 
[0 0 7 3 ] ilCfiS 6 0 °C ©!§-£■ 
jTO#*fiJfll^r a, gMbffJtf^fJfli^r c v 
(IS©jlteffi^Pa*><fcU r »<b^J^ffl!l©aHEff*P c 
ft, ii^jil!|EB#«fc *> t»fl£T**fc»^-©ttieS&<b©** 
ft&BE bfc<, U >SKB*R**«ife 1 0 ©iUfciSJSft 6 0 
°C, ^ifitffiJKft 0 . 2 A/ c m' , S^^aS^ft 1 9 
6 cm' 43<fclflS0»3© 'J >KjaKftfST*#S>Jc©fi© 

jSJg#ttt££fbft£U-&^ 'J >»«flE©TIR-e** 8 
4. 9 %y.±£:& I^fiJffi$ras SMb 
ffj^*lffl*r c, «Rji4^fflJ©ai*5fiE*P a&£tflft 
fb^j3tf^{BI©ateE*P c ©«*■&*>* fc- 
[0 0 7 4] U>iIS8 4. 9%©»;>Bffc*5V^ 
6 0*CT-©6Sffl^^JEii2 . 2kPat!&5. Uma* 

x zmitm # *«© >g*©g&fn*5.siE ft 2 . 2k 

P afilTkt«fc»Ctt> *B»*^«©a*sEE*E a* 

©fcffitt (*JR£E) 7f** 1' 0 1 . 3 kP a.£T-f6T£ 
*B«if^Wffl* r a ft 4 XWT* XXimtM 
i57,mm^r eft 1 0XWTfcfiTS*W«:V\. 
[0 0 7 5] ±K©»^x tf^Wffl**** OttC^H 

< , m&#x&xzfmitffltfxw<Dum.&m 
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«(EiltffT-"t»IWttl6»*tt*»fc«. «&«#*«!©» 

S1.01. 3kPa, *J|BW**lffi*r-aS5%* 8Mb 
?PJ^Il$rc&5% «ftt$ffift0. 2A/c 
m' s 1 2 0*C43.fcU t fHb$y#*gJKft 

1 2 0°C©£:#T-^tf L&#e>, ateSSft6 O'CSf 
1ST 

[0 0 7 6] fU, ilte^ft^^-rtC, &Sft3B§ 
10 «lt«UTffofc«, SipSS^TT- U > 

aesitts&tft 1 .0 ©&t& ft mas 

U '«$K«flri A/cm'BtcmEftSiJ^Ufco dffltt 
ft$JW4|gSWIfctb«( Ufeh C 3, •*©«£«#*» • 

ioo%t-$.i?s ttti^b'ttB»e>n&*ofc. 

[0 0 7 7] 

[$8W3©i»«] '^l^ili 'J">»S*8»««©a<B* 

Jg-T5I&K< U >g?^ft(8T3^5iiiJl3KlS£J£*© 
• St .j >^^e,^t-2.*©fii:A s ¥^1-S^ffl , J > 
20 gt&K#, Bfa©ttl6*«ll*U»5«*U">a«KW± 

& 3 «t a tcate^ft »«-r s c i: k 9 , 

©l£Tft5£*C[5]iS-r-&£:fc*>tc, ffl@»B#fc*!J»H4tB 
ft«t^t!l^-r?.-i:A s T-#?», ^It- 

*»fc«*<b1-*i:i:*»Cs *©£&*.' 
[S®©fS#*ittB^] 

[mi] s-u >gi»Ktc43^s u >ai©asi:ta?a^^, 

EE©5l^ft^1-^iaT-fe So 

[ia 2 ] u >m<Dt&fQM&E.t*) >mmm.(Dmm^-r 

30 i^l2T-$)So- 

[03] *&wicmzmm*&*M-i-ztztb<Dv>m 
j^. t 1 A ©mmsis^iaT* S o 

1 4—mmn •■mmnk&i* 

40 1 8 a, 1 8 b—mmmmm 
is ' 

3 2— BMbjW3tf^aa» 

4 6 b-BMbS"J^Sl!m««S 

8 2— mSfiiJ^^^^A 
50 *8E»W»->*7 i * 



1 2-MS«4«tt^ 
16a, 16 b- 
3 0-«SS^« 

3 4-iaS-fe>-9- 

4 6a-iW 
8 0-tMjlWWS' 
8 4, 8 4 a-*T 
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